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Woelneee 

A  Marehant  Caleulatiag  Machine,  Model  ACR£M, 
haa  been  purchased. 


Tbe  ▼ariations  of  absoltxta  angular  aonentum  abofut  the  earth’s 


axis  daring  Janoaiy  19I16  have  oeen  studied.  The  data  sera  obtained 
northern  hemisphere  synt^tic  maps  at  sea  lerel>  700  millibars*  and  500 


nsillibars.  It  was  found  that  from  l5®lf  to  35®ir,  addition  of  angniai* 

Bomentum  to  the  atmosphere  friction  accompanied  depletion  of 
momentum  hy  horizontal  transport  of  relati/e  angular  momentum*  i.e« 
angular  momentum  due  to  motion  relative  to  the  earth’s  surface. 

35®H  to  65®N,  accumulation  of  angular  momentum  hy  horizontal  transpor^^^^^ 
accong)anied  removal  of  angular  momentum  from  the  atmosfdiere  by  friction. 

These  results  are  in  agreement  with  theory. 

An  auxiliary  study  has  indicated  that  the  tms  northward 
transport  of  relative  angular  momentum  is  usually  larger  t.h^w  the  >. 

northward  transport  as  computed  under  the  assumption  that  the  wind  is  '  ' 
geostrophie.  Another  auxiliary  study  has  shown  that  the  mountain  effect«^-<.4'' 
i.e.*  the  torque  exerted  by  a  mountain  range  iq)on  theatmosphere  whwi:>^^^y!''i 


the  atmospheric  pressures  on  the  west  and  east  sides  of  the  range 
different  at  tbe  same  altitude*  is  as  important  as  friction  in 
changing  angular  momentum  between  the  atmosphere  and  the  earth’s  surface. 
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la  a  prerioos  report  it  ma  proposed  that  Taloes  be  obtained  ; 

for  the  nortfasard  transport  of  absolnte  angnlar  K»ent«a  about  the  eartliff 
«».  These  Tallies  were  to  be  eoepared  with  Talnes  of  the  of 

■oeentaw  betmen  the  atmosphere  and  the  earth's  surface.  Such  ' 

hare  been  eonputed,  primarily  by  Wdger,  fbr  the  month  of  Jannaxy  191M: 

.rv.5 

Procedure  t  The  data  are  obtained  from  daily  synoptic 
of  the  northern  hemisphere.  The  sea  lerel  and  500  mapa 

from  the  Northern  Hemisphere  Historical  Weather  Map*  of  the  Air 
Serrice.  The  7OO  millibar  naps  are  photostat  copies  of  maps  a^aiyutd 
by  the  Air  Weather  Serrice. 

The  sea  lerel  pressure  is  tabuUted  at  each  intersection  of 
•  «rldl«  with  .  flTe.<i.gre.  paraUrt,  for  each  dar.  .1^ 

he  limits  of  the  analysis.  The  hei^its  of  the  700  miinhai.  and  500 
millibar  lerels  are  tabulated  at  the  same  networic  of  points. 

Since  observed  winds  do  not  appear  on  the  maps  at  a  regular 
network  of  points,  the  geostrophlc  wind  is  used  instead  of  the  actual 

mind.  An  aumiary  investigation  has  been  made  to  determine  the  acJ 

...ak^ 

curacy  of  this  approximation. 

^t  R  ■  radius  of  earth 

»  •  angular  speed  of  earth's  rotation 
g  •  acceleration  of  gravity 
X  »  longitude 


P 

a 

P 

u 


latitude 

pressure 

height  (of  a  constant  pressure  surface) 
density 

eastward  conponent  of  wind 


T  *  Qorthiiard  coapooBOt  of  wiod 

XI  ■  eastward  cowponent  of  geostrcaphic  wind 
S 

▼  ••  northward  cooponent  of  geostrophic  wind 
8 

Let  Ajj  P  ■  p(X  ♦  5®,  ^)  -  P(>^  -  5®* 

Ay  P(x»  /)  -  p(x,  ^  ♦  5®)  -  pU»  ^  -  5®) 

and  let  eindlar  relations  (tefine  s  and  Ay  « 

Then  approzinately; 


®g  ”  n  R  €0  p  sin  p 
on  a  constant  altitude  surface*  and 


P  _ 
II  ito^psin  ^  cos 


ir  R 


V  R  sxn  p  cos 


on  a  constant  pressure  surface* 

The  absolute  angular  moDentun  per  unit  Toluoe*  glren  by 

p(u  +  o»  R  cos  R  cos  ^ 

consists  of  the  angular  mooentun  p  u»  cos^  ^  due  to  the  berth 
rotation*  hereafter  celled  w-«0BentuBi*  and  the  angular  Maentan 
p  a  R  cos  ^  duo  to  siotlon  relative  to  the  earth*s  surface*  hereaft^^^ 
relative  aoiientuiB*  Since  the  transport  of  o  BOMntiai  across  a 
given  latitude  is  proportional  to  the  eass  transport  across  that  lati- 
'tude*  there  can  be  no  net  long  tern  transport  of  »-eoBientue«  The  net 
long  ten  absolute  soaentun  transport  therefore  consists  of  a  transport 

of  relative  nonentum*  ■  ■  W 

■■ 

The  transDort  of  relative  eooentue  per  unit  tine  per  unit 
altitude  across  a  given  latitude  ^  is 

0  9 

I  o  u  V  R^  cos^  d  X 
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In  cooputations  the  above  integral  ie  replaced  by  a  suanation  of  72 
terasy  one  for  every  five  degrees  of  longitmief  and  tbs  wind  is  re¬ 
placed  by  the  geostrophic  -eind.  The  densi'ty  is  asstmed  to  be  the 
normal  density  for  the  given  months  latitude^  axid  altitude.  The 
transport  is  thus 

9  cos  <*  /V  , 

”  ^  ^  P  A  y  ? 

neap  sin^  p 


at  sea  level*  and 


h  rs  sin2  ^ 


‘ ^  \  T-^  .•  , 


at  the  constant  pres?'ire  surfaces. 

The  monthly  total  transport  across  a  latitude  circle  is 
estimated  as  foUoes:  the  transports  oer  unit  altitude  eoagmted  from^^^^l 
the  sea  level*  700  millibar*  and  500  millibar  maps  are  assmaed  to  be 
the  transports  per  unit  altitude  throughout  the  layers  Item  0  to  l.$ 

4 

kUometers*  l.S  to  1|.9  kilometers*  and  U.9  to  7*5  kUomsters  zespeetive-  V 
ly.  The  transport  above  7  >5  kUometers  cannot  be  congnited  because 
data  are  available  except  in  restricted  regions.  The  transport  per 
unu  Miao  coopu'bdd  Aron  &  given^si^)  Is  sssumsd  *to  bo  tho  tronsport  ^ 
unit  time  throughout  the  day  of  the  map. 

The  interaction  ceteeen  the  atmosphere  the  earth's  sur¬ 
face  consists  of  a  friction  effect  amd  a  mountadn  effect.  The  ■nn«».a4i» 


effect  is  the  torque  exerted  by  a  mountain  range  vpon  the  ataK>sphere 
uhen  the  atmospheric  pressures  on  the  nest  and  e^t  sides  of  the  range 
ore  different  at  the  same  altitude.  An  auxiliary  investigation  is  being 
made  to  determine  the  iiportanee  of  the  mountain  effect. 

The  easteard  coeponent  of  the  frictional  force  per  unit  sur¬ 
face  area  is  assumed  to  be  given  by 


I 


n  sinV  ^  ^  cos^jf  ( 


FiTS%  Auxiliary  Studyt  An  investigation  of  the  aecnraoir  ^  > 

the  .geostrophic  wind  ^roximation  for  the  cooputation  of  the  trans- 

■%  *■ 

port  or  momentum  mas  made  primarily  by  Lorens*  The  study  is  based 
upon  data  collected  by  the  Pressure  Change  Project  at  MU  (sponsored 
by  the  Office  of  Nasal  Research,  Contract  NSori-78,  Task  IT)*  The  - 
data  consist  of  simultaneous  salues  of  the  obserred  wind  (by  rawin 
rabal)  and  the  geostrophic  wind  at  stations  in  the  iTnjt-ed  States* 

fortunately,  such  data  for  the  remainder  of  the  northern  hemisphere  are 
not  available. 

The  data  used  contain  267  observations  during  January  191|6  and 
283  observations  during  Decentoer  19U6  -  January  19U7.  .For  each  observa¬ 
tion,  the  products  uv  and  u  v  are  computed.  The  s«s  .r.  ur  and  v 

*  •»  8  8 
are  obtained  for  each  period* 

For  January  19I16, 


/f_.  u  V  <  0. 


and  for  DecoBoer  19l»6  -  Jamsxj  19h7, 


V* 


IXtring  each  period*  a  ▼  is  on  the  average  soneeiiat  smaller  than  n  ▼ 

'®g^g  ^  0*  and  a  y  is  on  the  averse  considerably  greater  alge^- 
braically  than  when  <  0.  Inrestigation  of  the  obsenrations 
at  500  millibars  sug'^sts  similar  resvlts. 

IT  these  results^  iriiich  include  portions  of  the  hesispliers 
mliere^u^yg...O  and  portions  mhere  Su^y^<0,  are  typical  of  the  entirmr^P 


hemisphere*  they  indicate  that  for  an  entire  latitude  circle  at 


latitudes* 


r. 


a  ▼  d  X  > 


r. 


V,  ^ 


iKb^  {^79 

The  momentum  transport  J  ^  p  u  y  cos^  ^  d  X  depends  largely 
■2s  . 


u  y  d  X 


▼  ■ 
Da  general^  the  monthly  values  of  mooentUB  transport^  ccb» 

puted  from  the  northern  hemisphere  maps  with  the  geostrophie  wind  • 

^roodmation*  are  positiye.  It  was  arbitrarily  decided  to 

these  computed  values  by  the  factor  1.5*  in  the  hope  of  obtaining 

more  accurate  values  of  the  aomentum  transport* 


Result:  The  results  of  the  investigation  are  susmarised  in 


Figure  1. 


In  Figure  If  the  horizontal  arrows  with  the  aceoapaoTlng 

nunbers  show  the  horizontal  transport  of  relative  soiaentiai 

across  the  corresponding  latitude^  throujhoot  the  corresponding  height 

interral.  The  numbers  in  parentheses  give  the  total  transport  of 

relative  momentum  across  the  corresponding  latitude*  The  vertical 

arrows  with  the  accoiig>an3rlng  nuadiera  show  the  total  frictional  transfer 

\ 

of  momentum  from  the  earth*s  surface  to  the  atmosphere  between  the 
corresponding  latitudes.  AU  the  numbers*  when  multiplied  bj  10^, 
become  values  in  c.g.s.  units* 

Li  general*  the  horizontal  transport  of  relative  momentum 
directed  northward*  South  of  35^N*  addition  of  momentum  to  the  atmo» 
sphere  bj  friction  accompanies  depletion  of  raomentum  b7  horizontal 
transport*  while  from  35*M  to  65**M*  accumulation  of  momentum  by  hoH^ 


sontal*  transport  accompanies  removal  of  momentum  from  the  atmosphere  bgr  ' 

'  ^ 

fMetion.  These  observations  ar  <  in  agreement  with  the  theoretical  . 
conclusions  of  Starr  (  see  Journal  of  Meteorology*  April  19i(6)* 

It  is  not  to  be  exoccted  that  the  depletion  or  accumulation  .* 
of  relative  momentum  by  horizontal  transport  will  exactly  balance 
addition  or  removal  of  momentum  by  friction^  for  several  reasonsm  TtH>^ 
compiitations  described  above  involve  many  approximations  •  It 
been  possible  to  determine  the  transport  of  relative  momentum  above 
7  *5  kilometers  •  The  net  hoxd.zontal  transport  of  m-momentumj  and  the 
net  local  change  of  absolute  momentum^  while  unimportant  for  very  long 
periods^  may  oe  important  for  periods  as  short  as  one  month.  Finally^ 
the  mountain  effect  has  been  neglected. 
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Second  AuxlllaiT  Stody;  An  investigation  of  the  ioportanea 

of  the  Bountain  effect  has  been  made  priaarily  bj  White.  This  invest!* 

gation  has  thus  far  detenalned  only  the  nonnal  inoantain  effect  for 
January.  .  . 

Wormal  January  pressures  for  the  northern  heoisphere  are 
obtained  from  figures  of  Shcv  at  sea  level,  and  from  OSAAP  revised 
figures  (19t|2t)  at  10,000  feet.  Siaplified  topographic  profiles  for ' 
each  five-degree  belt  of  latitude,  based  on  the  Physlche  Wbltkarte  : 

of  Heraann  Haack,  are  constructed  for  the  northern  hemisphere.  Each  . 

nountaln  range  is  broken  into  layers  one  kilometer  thick.  Pressure 
differences  Ap  across  each  layer  of  each  mountain  range  are  obtained 
ft-om  the  lu^  January  pressures.  The  pressures  in  each  layer  are 
interpolated  or  ertr^lated  from  the  sea  level  and  10,000  foot  pressures^ 

The  torque  per  unU  latitude  exerted  oy  the  mountains  on  the  atmosphere  SS 


1  lOlometer  .  a  cos  /f  Ap  •  , 
the  summation  exte.id’t.g  ov^r  all  a-cuntain  raigsa  and  all  layers. 


It  is  found  t.iat  the  aomal  January  rouatain  effect  varles^r^^fi 


with  latitude  in  ruch  tha  saais  ir;.^  as  the  friction  effect.  South  of 
hOPH,  and  north  cf  6cc-?i.  within  the  limits  of  the  data,  the  mountain 
effect  adds  nooentum  to  the  atmosphere.  Between  hOOM  and  600lf  it  re¬ 
moves  momentum  from  tha  atnosrhare.  The  mountain  effect  is  strongest 
in  the  belt  of  westerlies  betueen  hS^  and  SOog,  and  in  the  belt  of 
easterlies  betueen  25^1  and  35?H.  The  mountain  effect  and  the  fri^oo 
effect  are  of  the  sase  order  of  magnitude. 


1%  smst  be  concluded  that  the  oountain  effect  not  on!/  is 
not  negligible^  out  is  soaeti-tss  oore  iaportant  than  the  friction 
effect  both  in  removing  momentum  from  the  atmosphere  and  in  adding 
momentum  to  it. 


Additional  Studies:  A  number  of  purely  theoretical  features  . 
of  the  general  circulation  have  been  investigated  by  Starr»  Abdnllata»  . 

and  Lorens.  Some  jarellmlnary  results  are  expected  in  the  near 


Future  Investigations;  Investigation  of  the  variations  of 


absolute  angular  momentum  during  January  19U6  is  to  be  continued.  The 
mountain  effect  during  this  xonth  is  to  be  computed.  The  local  variations- 
of  absolute  angular  monentum»  and  the  nortfamard  transport  of  caHBomsntaa* 
are  also  to  be  determined.  The  variations  of  absolute  angular  momantus ; 
daring  January  iyU6  are  also  to  be  studied  on  a  day-to-day  basis.  The 
entire  general  program  is  to  oe  extended  to  other  months. 


